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(54) NONAQUEOUS SECONDARY BATTERY 

(57) Abstract: 



example, i p MOj, where M is Ti, V or the like, (p) is a 
value between 0 and 3.1, and (j) is a value between 1.6 
and 4.1 . 
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PURPOSE: To provide high discharge potential, high COPYRIGHT: (C)1994,JPO&Japio 

energy density, long charge and discharge cycle life and 

high safety by charging a negative electrode active 

material with lithium ions for changing the basic 

structure of the crystal thereof, and keeping the basic 

structure unchanged at charge and discharge processes. 

CONSTITUTION: This nonaqueous secondary battery 
comprises a nonaqueous electrolyte containing a positive 
electrode active material, a negative electrode active 
material and lithium salt. The negative electrode active 
material is obtained by charging (preferably 
electrochemically) lithium ions into a transition metal 
oxide allowed to contain lithium. In this case, the 
lithium ions are charged until both the occurrence of a 
change in the basic structure of the transition metal 
crystal (change in the basic structure of the transition 
metal oxide to be confirmed via a change in an X-ray 
diffraction pattern), and the non-occurrence of a 
substantial change in the changed crystalline basic 
structure of the lithium containing transition metal 
oxide charged with the lithium ions at charge and 
discharge processes (that is, until occurrence of such 
state as free from substantial change in X-ray 
diffraction pattern). The transition metal oxide is, for 
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ami 2] mv*vM*>mAM<m®&jmit 

®t>\ LipMOj «BU Mtt, Ti. V. Mn, C 
o, Fe, Ni, Cr, N bRXfMofrbM\ttlZ>'P& 

< t : b-m<?)Wg>±mz3kt>i>. p i*o~3. i©$gffl 

(C*U, -tLTJttl. 6-4. 1©*BHIC&<S>) T?» 

r»##3] ttAtesiMt^ Li x MOj «au 

Mte, Ti« V, Mn, Co, Fe, Ni, N bJgtXfM 

o e>s«tis^* < t *>-moyM&±m z&t> u x 

&0. 1 7—1 1. 2 5©$SSfCfcy, tLX j 141. 

6-4. i <DffiMiz&2>) T**>a*i«u^-9A^*a 

©, CuKo*SKlJ:aXJ|ijaiI*fA*->©EWMS (2 
e ) 5-70 S®«SHrtT©x»WiWf«* f - * ©3£g 
1/5 OTtC^b-T Ifcio T?WBdn€>SCftP 

[11*35] ^«?34M<Z>£*tt3§tf. CuKa» 
JCJ:4XMaHWf^*->©lEWfA (2 6) 5-7 Ojg© 

«aartT*©x^@«T^- 9 <mm.i)\ it2o~ioo 

0 c p s ©ISBfC&SZL^C J: y«flfr3tt&*l&H#3l 

-f *>3^Aatifca&*j|fflBWfc«re**»*3S 1 k 
iE^©#7k-&m?&, 

jfAtsifcicj: y#e>nfc*iOT?»*»*33(i Jets® 

[»«9(9 3 RfcffiSfoKtf, Li x M q Vi-fl Oj 
(fiU Ml43&&Jii&%bU p«0~3. 1 ©3EB 
IC&y, xl40. 1 7—1 1. 2 5©*gHlC&y, ql4 
0 — 0. 7©$&HtC&y, -£LTjtel. 3—4. 1© 

[«#«10] ttiEffiSS4Mltf. Li y MO z ({I 
#&*©il>fc<fc : fe--«#Co, Mn, Ni, V&tfF 
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e ^ e>»i*isii»& < t *-a®3^4fein zm.t> U y 

140. 2 — 1. 2©«HK*y, -tbTzttl. 4-3 

HI*JR11J WatW^mnt>\ Li y Co0 2 , L 
iy Ni02, Li y Co a Nii- a 02, LiyCo 
b Vi-b 0 2 , L i y Cob Fei-b O2 , Li y Mn 
2 O4 , Liy Mn c C 02-c O4 * L i y Mn c N i 
2-c O4 , Liy Mn c V 2 - c O4 #I>'L i y Mn c F 
10 e2- c O4 (ffiU ytto. 5-1. 2®*BHfC»y. 
al40. 1—0. 9©^ffltC$>y, M40. 8—0. 9 
8©«5HtCfey, cttl. 6—1. 9 6©*6HIC&»J, 
-?"LTzf42. 0 1-2. 3©&BlC&.5) T'Stto^n 
S y ^9A^3«»^jMWM^e,«!*||*5(l JcfiBtt 
©^-r^mak 

tit #3 1 2 ] wmmm, smswtmxf 

K^OMSkfK C u K a frJHC J: S X MUlWr/t* - >© 
20 EWfft 5-70 SBBttBrt-WDXttEWf * ©3£S 
7b\ ^T20— 1 000 cp s©«gffl{CfeSZli:{Cj:y 

m#mi3] MffsiKK Li x MOj mi 

U Mt4, Ti, V, Mn, Co, Fe, Ni, Nb& 
U xliO. 17 — 11. 2 5©W;fctJ, ^LTj 

141. 6—4. i©$SHtcfe^) Tr**?$nsy^^A 
««X^AiKf 6 *g 1 2 fCf3«i©#N7j<- 

30 ^fBHL 

[If #11 1 4 ] ftftS&ftMKtf. L i x Mq Vi-q O 
j (iU M(4iB^JH$:^bU xttO. 17 — 1 
1. 2 5©^ffltC&y, q(40 — 0. 7©fgsic&y, 
^•bTjlil. 3-4. l©fgffllC^§) T?3RtoStl6 

y ^ «> k&wm&fflmmi* e> & 1 2 tcie^ 
[8»*« 1 5 ] mmmn. fmman&zf vrv^ 

SEftffiSIMtW. Li x M q Vi-q Oj «1U Mt4S 
40 5£ffcJH&3i*>U xliO. 17-11. 2 5ffifflU 
y, q«0~0. 7©«gH»Cfey, ^-LTjt41. 3- 
4. 1 ©«SffltC&.S>) Tat)$n^'J^^A^^^ 

[#6B^©f¥?«^^3 
[00013 

DBii±cwfaffl»m ixmrna, Sxm^aa 
o%6W*'f ^;i^^©s^m#itao : ^t^# 

S^fc^TK— &WmzMlrz>lbV>X'-foi>. 
[0 0 0 23 

50 [^©^#53 ^MeL*«WA«SI«Pti:LTl*, 'J 
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i&xtz>im*\t*>Aj-z^z> a zmzMLx. y 
xm\fc*><Dx%>&. u^i^^ x*£lx&, * 

imfetfitmu}^ v \fz«b. imm y oymmmm^ 

•5. 

[0 0 0 3] U^^^M^'J^^A^tfett 2C 

J^K^m^cD^fe^Ki: LTt±. y f- f? A-r *> 
ZWM-m&'t&ZLtWUg&T i S2 . LiTiS2 

(^Bfl#l*ig3, 9 8 3, 4 7 6f) , ;b^;b^©W 
0 2 0RS#fFH4, 1 9 8, 4 7 6-f-) , L i x Fe 

(Fe 2 ) 0 4 MLi x Mn2 O4 teZ<Dtt*Mt 

two mmm 58-220362 , mmt^w 
iz-sj&zntcFez o 3 ©y^^A-fb^ tfepBtttfffls 

4, 4 64, 4 4 7-*§-) , Fe 2 O3 ©U^tfAifc^* 

- 1 1 2 0 7 0-*4«|) , N b 2 O5 
0S6 2 - 5 9 4 1 2^?g, #ggsp2 -8 24 4 7^ 30 
W , Sftb$c, FeO, Fe2 O3 , Fe 3 O4 . $tfb 

^u-k coa co 2 o 3 MC03 o 4 mm* 
3-29186 2^$g) jWae>*iT^s. ^*te>©<b-£ 

[0 0 0 4] temii^tfi-J K"^**iE«S**ttA 
«?S*«£©JIS£-fr4: LT> T i S 2 £ L i T i s 
2 (*HW«F»9 8 3, 4 7 6f). it^lZ^^tl 40 
£L i o.l V2 O5 th iMni- s Me s O2 (0. 1 
<s<l, Me=2f^i ;4#fflBS6 3-2 1 00 2 8 
, <b^«»C-&«S*lfcLio.i V 2 O5 thi 
Co is Fe s O2 (s = 0. 05-0. 3;#ggBg6 
3-2 1 1 5 64 , fl#l»fC£filta*lfc L i 

0.1 V 2 O5 i Coi_ s N i s O2 (s = 0. 5~ 
0. 9 ; #gg5p 1-294 3 6 4*£$R) , V 2 O5 £ 
Nb 2 O5 +y^9A^M 08IHPP2-8.24 4 7-34* 
$5) > V 2 O5 ^Ti S 2 £«Mb#«K£fifc3ftfcL 
ix Fe 2 O3 0Rffl^H4, 4 6 4, 44 7f ;i/ 50 
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• tf^" • A9- • V-i/X 8#. 2 8 9 H> 

1982^), lEmmontikimyjmzL i n i x c 

°l-x O2 (0Sx<l ; 4$BB¥l- 1 20 7 6 5#£: 

ttra—fb-a*fcfBflRStlT^*. ) , LiCo0 2 &3 
W±LiMn 2 O4 fcBMttt. FeO, Fe 2 O3 , F 
e3 O4 , mitesVlb. CoO s Co 2 O3 
C 03 O4 mm* 3-291862 #4#S) tjtlfim 

10 IMenWKftfc, iW»ffi*«3VJ:»;ffi<, £tzmw& 

[0005] buIb©S#^^<d vrv&j *>©»a 

**«Mfc^KfT&oT^J5&£*lfeLix Fe 2 O 

3 (^-V-^ • y\*«7- • y-S/X 8^ 2 8 
9H, 1 9 8 250 Tti, U*'>A-r*->#A»C«fcyX 

20 5 8-2 2 03 6 2^fgT'tt, L i x Fe (Fe 2 ) 

04 ^Li x Mn 2 O4 te¥<DZ.if*Mk&&)lZV?-V 

£olz$$AU ^(DM&ZmtZ-ttte^&olzffimz 
fi&o £<DMmtf&2>. -€-LT, *jLx¥*Jl>nmzV 

[0006] i©«te){c, ssfiJW®»yigL.K:«ky<b-& 

W B m^b ti4 =b©tt^i L < TiV 

30 t% mmnwimuz&zifgikM&oimtmzt/vt' 

^ < , * y A-C *>®#AC*S«:lS!lKCD<feV \ft 

t*^^ if ^mrMm&*mz>±x\ z<d&o 

[0 0 0 7] 
[0 0 0 8] 

St, ASfSBWBtaut y ^ -7 A^[$:-g-Jt/#M<m8P8^ ^ & 

M®&mmmx2b^x, *omm<m&®&mik 
#*z\®mmz <fc y jgfijt-r s 3 1 ^-e t 

[0009] ±I3*«W®IMc:*««®»4 L^flWt 
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( 1 ) y ^ ? A-f * y&Am<Dm&±mmmtf l i p 

MOj (fiU Mli, Ti, V, Mn, Co, Fe, N 
Trlil. 6—4. 1 0$WIZ$>&) X*mt>2ftZ>M® 

±mmn trnfr e> ft &±m&K2\ikw&L 

(2) Li x MOj OiU Mtt, T 
i, V, Mn, Co, Fe, Ni, Cr, Nb&l>*Mo 

*» e>»*ri*'j>fc < t %~m<D'^m±m^m> u x a 

0. 17—11. 2 5©^|aiCfey, ^L-TjfcU. 6 
~4. l(DmmK$>2>) TfAfoSJxsy^A-a*^ 

i^^b%7^e>ft£±IE#7je:&ttM. 

(3) y^«>A>f*>#AJCj:«ftfifflaS*«it««(Hb 
jW. U^^A-f?T>WABuO)l#^SKb^©, CuK 
a^CjcSXJSUffif^^^-XZXEl^l (2 9) 5 — 7 0 

«®«BBW^©x«EWfffi^fc:- * 1 / 5 hk 

( 4 ) SaMiagtf. CuKo»CJ:6X|| 
mtiTSVt-XDm&Tfi (2 0) 5— 7 0^©^Kf3T'© 
X«8@»f bT-' *©5£g#, £T2 0~1000cps© 

$SBlcfe£ z. i: fc «fc y 4#®to'tf &4x*±K#*i:&* 

( 5 ) y ^tf sr >©#A#m<b#6*»CifTft;foft.& 

(6) ttftWgffeKK «fttft^Wtcy^«>A>f*>*« 
»Aanfe3B»^(z>BWisftre**±ia<D#Wci*m 

Mo 

K «fc y £ 4x£^#£MStf b^T'fe&±IE©#7le:& 

«M. 

(8) RMggttKtf. ttrtciUMsnfey^frA 
zttcj: y#e>tifct>oT?fe-s±iB<3D#feKii^m?iL 

(9) «^b#WtCU^0A^^>^»A-r-5*lct, # 
A1-*«r®a^feJliKb* lg^y 27— 1340 mA 
h (l~5 0m=EMIS) T'fe3±SS#7j<-&«M. 

(10) ft&fgftRtf. Li x Mq Vi-q Oj mU 

M&m&±m%:mt)U x\$o. 17—11. 25©® 
BKfey, qtto— 0. 7®f6H»c*y, ^LTjte 

1. 3-4. i©$siaic&§) T?**>3ft&a»&JK» 
<b#^ e> & s±s b©#7.k- &®m. 

(11) iEffigH***. Li y MO z (fiU MliC 
o, Mn, Ni, VatfFe3^&»itl*ii>3&<i:tr- 

SriftfoU yl*0. 2-1. 2©$6BtC 
feU, fllzlJl. 4~3©^BKfe6) -ca&foSft 

(12) iEflBS*Wt*^ Liy C0O2, Liy NiO 

2. L i y Co a N i i_ a O2 , Li y Cob v l-b O 
z , Liy Cob Fei-b O2 , L i y Mn2Q4 , L 
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iy Mn c C02-C O4 , L iy Mn c N i2-c O4 , 
Liy Mn c V2-C O4 &l>'Liy Mn c Fe2-c O4 
(fiL yltO. 5—1. 2ffl<6HK*»J, aliO. 1 
— 0. 9©$£HtCfey, M±0. 8 — 0. 9 8©fl£BtC 
fey, cttl. 6-1. 9 6©«gHKfey, -g-bTztt 

2. oi~2. 3©igH(cfe^) X'mt>2ti2>im&m 
mitVdfr e> ft z±mt7}i=.txM8L 

(13) iEfiBSBWRt*. ftfi&£^£fcm&s;i&$£& 
#o >J * * Al£«3I&£MS^b%T'fe3±§B#7jCl&« 
10 M 

[0 0 10] *fe±IBBW«, JEWfeVan, AW&m 
RXf 2±t&Z&WfrkWMKfrb&Z}¥7k=.ftWM 

T'feoT, flo*CD*Sa«?. CuKo»fCj:*Xj(«IB#f 
A#->©|I]#f£ (2 0) 5 — 7 0^©$&B|*lT-©Xif|S 
HHfttf- £©?£§#, ^I20~1 000cpsfflffl 

icfes 3 £ iz j: y flffa^j^ 3 i: 

£ 1" Sl&fcrHWtffilC iol fe^-T 5 3 1 
20 ©ityT'feSo 

(1) &myom>\ Li x MOj mu uit, t 

i, V, Mn, Co, Fe, Ni, Cr, Nb#I>*Mo 
* e>»«ii^ft < ^ fc-«©a»&« £fi*> U x tt 

0. 17-11. 2 5©*BHKfey, -^L-Tjtel. 6 
-4 . 1 ©ffiBSKl**) T'Stto^tlS U*^A«*» 

^M^b^^e>ft^±iB#^j<-^mM. 

(2) A«S)Mt^ Li x M q Oj (fflU M 
t*3^AJRS:*bU x&0. 17—11. 2 50fti 

tcfey, qtto~o. 7©$gHicfey, *LTjtei. 
30 3-4. i©^ffltcfe§) -e^sns^^JPUHb^i 
©^ft < h fc-^e>fts»^ 1 fcia«ffl#&!icnK* 

Mo 

[0011] *#g^T-^e>^^JSi:li, f&t&Hr&z 
1©S c^e>7T^##3 0©Zni:5r^S : -f'3 9©Y^ 
^^#-^4 8©Cd t7t^S^-5 7©Lafr&5aRS 
-^•8 OOHg^t'l^tf. 
[0 0 12] *|6BJ©^7j<-^mM«, JEflBSftK, A 

ffi?s§««ao« y * v i&*&tjmtimftfr e> ft 

40 ^Tt>^V«^M©SHb^C, U^-^i*>f*>S:#A 

ot* l < i*m*wt#Wfc#A) tsiticj: y# &*i 

^>o *©BgL y^«>i»-f*>0jfAtt, -e©^©s* 
«BiS:SMbS-e:**T (3i^^M©SHb#J©S*«3t© 

y^<?A>f*>^Asnfey^^A^ji^ 
mmtm\ *(Dmti>tzi&ik<DM*mmtfmm<p\z 

tiHKWtc3MbUftv^«fflHcft&*T (BP*>, X«m#f 
A# - >*W«JtC^b Lft < ft •£ * T) ^Tftfctl^o 

±ie,^ B B B ©s*«iii©^bii, *w*nx\m&&&wm. 
50 ^e>aftofeitefiflBi^©aMb. fes^tifes^aifli^ 
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co o 1 3] *m*x>m^t>tiz>vi-v2±-(*>nAi& 

2>W*UV fiU S^Miitt, Ti, V, Mn, C 
o, Ni, Fe, Cr, N b^I/Mo £*J>&< ffi 10 

^m^^mit-^OO^iti^O. 2~3. 1K&3 
Mttt, Ti, V, Mil, Co, Ni&tfFeS^NSK 

[0014] *mn<DMftmmmw.T°tbz>w&±m 

m\L^KD'pt £ <t^im>t, LipMOj (fflU M 

MO^^K^fe-a^Ti, V. Mn, Co, Ni, F 20 
e- Cr, Nbm$Mofr<i>m\Zt\Z>*}<nT*%>>). pit 
0~3. lCDlEBfC&y, ^LTjfcU. 6—4. 1 £D 

[0015] ±mMmmsmmmt. s&ic, l i p 

Mlql M 2 q2 • • • M nqn Oj mU Mi M2 ■ • • 

fc— ottTi, V, Mn, Co, N i * fe & F e 
U -&L/T, pteO — 3. KDgfflK&y, qi +q2 
+ • • -+q n =n?&y, nfcU— 1 OCQfSHtCfe 
U, -eLTj^l. 6—4. l<Z)*gBfC&£) T'feSZ. 30 
£>bW*L^. Skic, ±5*ttCfc^T, pttO. 2- 

3. l®<6H»C*y» nttl— 4©$EKlC&y, -5-L/T 
jttl. 8~4. l©fgH{CfeS3^^e>{C^*L 

iiztyC&^T, pliO. 2~3. lCQ^HtC 
&y, nttl~3©«HK:&»A ^LTj}±l. 8 — 

4. i<Z)l6ffl{cfeS3i;*W*Lv^ 

[0016] ^moymmmmmmt. ±uo>&o 
{cM^ffi^*5+ -6+ ft£mztm?2>w&&m m, 

V, Cr, Nb, Mo) m<t%litU:^T-^ 
£ i fc#<i*v \ftHia»«:»*±T*;g?!JT?&s. 40 

[0 0 17] JbfiV*£t*«ffi4Mftm£LT& 
Lip Mi q i M 2q 2 • • -Mnqn VgyOj «IU Mte 
a^^RTfey, ptt0~3. 1©*BHJC&S3, qi 
+ q2 + " • • +q n +q V =1T?*U. ntel— 9© 
f&BKfcy, -^LTjlil. 3~4. 1 GD^ffl(C&£) 

Z. t t>Wt L^„ * fe±f B V &-£tf*«?S4Mlltir 
SBfltfi, Lip MqiMq2Vi_( qH q2) Oj (fib, M{£ 
J^It'^'J. P»0. 2 — 3. lC«;fe»J > q 50 
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1 +q2 ttO-0. 7ffl*BBBfCifcy, €LTj»l. 3 
—4. lCflgBtCfeS) T-fe63t^$ibtC$J*LV^ 
■t LT±IBV &«&*«g4feKtt^& Li p Co q 

Vl_q Oj , Lip Ni q Vl-q Oj «IU pttO. 
3 — 2. 2©flgfflfCfey, qttO. 0 2 — 0. 7(7)«gffl 
fC&y, f-LTjttl. 5-2. 5©^fflfC&S) 

[ooi8] 4&tm-vmc#* L\^mmmmLw<D 

Mil LT, L i p Co VO4 -^L i p N i VO4 (Z.Z 
T'pttO. 3 — 2. 2©flgHlC&£) tf2blf2>Z.£i*T' 
ZZX\ ±IB®ptfti, 3fett«g§^iu©fiT*& 

y, stettwc «k y*u»r<5 D tfe, AwsiHti*. nostr 

*56»!!T?jR-r-«K («. LipM 
Oj ) T'tt, S^jRMiSD^tfS: 1 £ l/O^CDT*, ^ 

[0 0 19] #$$8©:fMS?g#?€«, ±8BftS?g«MMir 
SlWcy^A^tf^fcjfALfe^cDT&S. tot, 
±f BA^^fCm^© y ? A fc-^W LT t 
&mmitVl)CDL ip i x ^*ofe=fo©T'*-5„ BP 
xtt— ©tCO. 1 7—1 1. 2 5©|iSH CJ^^A 

1 7-8. 1 5©^H) (cfe^ 0 Mill ±ie»*L^^ 
A^if^feMBulB^L i p MOj {cy-^A-f^fcjf 

A-r^^ttCckyff^tis, ^^<^?tu^ASfS4fe 

m, Li x MOj (fiU Mii^<tt)-I©lf 
V, Mn, Co, Fe, Ni, N b&lXM o #£>a»i*l 

•s^cDTfey, ptio— 3. Kzxgafc^y, xiio. 

17 — 11. 2 5ffl*BffllC&»;, -?-LTj«l. 6 — 
4. l(Dffi5H{C^>5) 7?Sa3S*VSU^-^A-^*3^A 

0. 26-10. 2©«gffl*W*L<, 3?lCx(i0. 3 

»*. Li x M q Vi-q.Oj (fiU M(£S^ff^ 

fcU ptto— 3. i©®sBK:&y, xiio. 17 — 
8. 1 5©l6HK&y, qt±o— 0. 7 0*SHtc*y, 

■fLTjttl. 3-4. l©^H(CfeS) T'*t>$tl-g> 

[0020] *%w<DMw%iimi*, w&&mmtM& 
«t t> # /* fe»* y ^h,^m : m±mmm(D^m<m. 

tmmz VJ-VHiry^ ft<D£o tcjf a-T s ^ i: tc 
i'JUszi^^M y^A&ji, y^>? 

^wicy^i?A^r^->s;}fA-r-5^*w*L^„ 
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®±mm\M*Lm^T. ztazmmt^mzv^-^M 

m<d y ^ v i±^m&&wmm (^nmr-monrnm 
y39Mmfc<Dz t) . MMmmtLT, d^a^ 

mTLiimt&h (mm) ttzi$®ffl?k (mm ) ztm 

tvTv^^^mm^±mmim. -mmwrnth 10 

& (mx\-zmmk mm) at-\mm?k (mm ) 

[00 2 1] U^tfiW*- #lC|5fti££;ft 

mmwgmmw i g ^ y 27-1340 mA 

h (l~5 0m^;i/^) tf»*bv\ 4 0-1 

0 7 0mAh(l. 5~4 0m ; E;i/tB§) 

■f-L/T, 54 — 9 3 8mAh ( 2 — 3 5 m^MS^) # 

fw*u\ ±%ttffimsmtMMmmz<Dm}tt& 20 

[0 0 2 2] Z.(D£$\ZLTmibftZ>&(ffimm& Z 30 

^itlt, b < l*C u K a mz J: 5 X^Hl^A* - > 
©Eilrft (2 9) 5~7 0S©<efflrtTf<J!)X<g|Ettfflfc*: 

tf-^©sse®. i / 5 &Tizmt~?z>z t^-D rmm 

1:1/2 0^1^*1/^. iiT'^^Ot 

ASfSttstfcawb b 3 1 ^st* lt as y . 

& < t t*-o©im v H2fr b ^ fcT- * ©?§*Ji#& 
[0 0 2 3] i©J:e)tCLT#e>nsAflKg4MHi - 

arte. 'jfaAMiMiiftit-fect, flo^e© 

&Hr#, C u K a W.Z <t 6 XifeSEflfr A'# - yCDWftft 

(20) 5-70 S©$gHfi-e©XifJH!]#T^- * ©&g 
jW. iT2 0 — 1 0 0 0 c p s<DVSBlZ3t>&Z. 

mt* 2 0 — 800cps)bW*L<. £e>fC2 0~5 

0 0 c p s b<, •€• bT 2 0 — 4 0 0 c p s fftk 50 
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*>«F*bK ±IE©XW^®8BS£fl : fc bT, 4 0k 
V, 12 0mA, ^.^r-V^Xtf- K=3 2° /mint' 

IBWb^lT, LiCo02 
fcT-* 2 0 = 18. 9° (4. 69 1A) ffi^tJb 
aSlt7 9 9 0 cps1?*ofe. (LiCo02 ©£*& 

Li2 CO3 £CoCC>3 £Li/Co = l 
J±) JCJ&-5J:e)fC|l^tCT^U »o^;iU 
1 3 on BMHttBfe. 9 0 0TC 6^fRgsS»^fCT#fefa 

-rs. zv/mzxmm. fmizT^mtt^x®. 

*V7^'&Timi. S vm\ZteZ,$LT<WmZ>. ) ISA 

[0024] jstc, #3W!T?me> fAffiffiftKj^iEfikm 
*ciiHtttcxiiBB#f^->*5E<bb3&v^j tit. y 

<f-V2±4*yoym. • Affiled: »J^afe-g>^«^ B B H KA ,: 
fcir>£fc SOUTHS. AftWJCtiu fflfcfP* Xifeg 

EWf*^i^-^ffl*»e>*«>6)*i*»?- (®) r<moy$m> 

^HilbT-0. 1-0. lAAW^b<. ^ib^ - 

0. o5~o. 0 5Aaq?*u\ tf-^asstb 
[00 2 5] ±|2©«ke){C, ^^©u^^^-r^-^?: 

yjgbT*>3*EKWJcttajfbb*v\ mii, ^mwK 

SulgflsT'feSL i Co VO4 «V5+ (Li+ Co2+) O 

itU 2-*y>f?.\-u-JU$>t^)\z-Jn-Yte\±-t>*: 

®-fi3Mb bfettfiflBfi** v H±#£Stffl5ite?E&5cmS: 
*»y>gbT*S©WSlcSSfbb«iVx. Z©^i;{i, ffjfB© 
4*B§BS 58-220362©J;e)tC, ^ 

s*u *fti©fb^ft»caHb-ts2:, zzfcWftfDfflmt 

So ^bT, 3©ffbv«©-fb-^;tt<£^SHbS7t;« 
bAc„ 

[0 0 2 6] *«WTfflv^e>*iSiES?SIMtttpI3S£Wlc 
'Jf7A-ft>« • JJfffiT'^Sil^^MSKb#lT't; 

b ^ >J ^ ^^^^RBMb4toi£«eS«MR t b T 
Uf-^ASr^-rSTi, V, Cr, Mn, Fe, C 
o, Ni, Cu, Mo&tf/xteW£-£frgffb^£&tf 

[0 0 2 7] *»W©iE«®ft«T*4 'J * 

»&«iMbfti*, y >7 A^fb-^fe t -ax i±=M£Lt<D 
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VdCD^MttfO. 3 — 2. 2lC&£J:-Mc*g£l,T£$; 

(ffiU tmSMtlt. Ti. 
V, Cr. Mn, Fe, Co, Ni, Mo&tfW*&l 

tinsii>&<i:%i-a) . se>ic wahei/ci*. 

V. Cr, Mn, Fe, Co&tfN i fr&XI£tlS4Nfe 

[0 0 2 8] *^OiE1i?S^KT-fe-5±IBU^^A^ 
^^^ISMb^JW, Li y MO z (311-MliCo, 
Mn, Ni, V&ZfF efrt>mifiX2>'P&<£$j— m*. 10 
*tS^&M. yttO. 3 — 1. 2©|gHtCfeU, -tL 
tzlii. 4~3©$EBlc&s) Tfe-g>3i;*W*b 

coo2 9) #.ffli<Dip& it^v^v&sm&mmit® 

COJEWfeWfit LT&, Li y Co0 2 , LiyNiO 
2 , L i y C o a N i i- a O2 , Li y Cob Vi-b O 
z , Liy Cob Fei-b O2, Li y Mn2 O4 , L 

i y Mn c C02-C O4 , L i y Mn c N i2- c O4 , 
Liy Mn c V2-c O4 RZfh i y Mn c Fe 
2-c O4 , -?-LTL i y Mn 2 O4 i:Mn02 20 
4& Li2yMn2 O3 £MnC>2 £©*S-£4& %X$L i 
y Mn2 O4 , L i2yMn2 O3 £Mn02 £<DU-&$) 

0BL, yttO. 5—1. 2©^H1C&U, attO. 1 
— 0. 9©«HJC£>»J, bteO. 8 — 0. 9 8©^BlC 
fet), cttl. 6 — 1. 9 6©$£BlC&y, -g-LTzti 
2. 0 1 — 5©$SISlC&.g>) ?;pf?,ii:^t§. 

[0030] #5BjbcdJ!K:#* Li^'J >> A££&MK 
QJfatoWMSMtll LTfi, L i y C o 0 2 , L i y N 
i O2 , L i y Co a N i i-a O2 , LiyCobV 
1-b O z , L i y Cob F ei-b O2 , L i y Mn2 O 30 
4, Liy Mn c C02-C 04, Li y Mn c Ni 2 -c 
O4 , Liy Mn c V 2 -c O4 , Li y Mn c Fe2-c 
O4 (it, yteO. 7—1. 0 4©|£B(C&U, ate 
0. 1—0. 9©fgffllC&U, bt±0. 8 — 0. 9 8© 
•SHfC&y. cttl. 6-1. 9 6©J6HfC*y, -€-L 
Tzte2. 0 1-2. 3©^H(CfeS) 

[0 0 3 1] *«fli®«t»#*L^±IBy^">A**3« 
&&mWtM£.lsTti. Li y Co0 2 , LiyNiO 
2, L i y Co a N i i- a O2 > Li y Mn2 04, L 40 
iyCob Vi-bO z (fiu y«o. 7—1. 1©® 
BlC&y, attO. 1-0. 9©$SHSC&y, bttO. 
9—0. 9 8©«HlC&»J. -£LTzf±2. 0 1—2. 
3©«BH»C&*) ££>{C, y« 

0. 7—1. 0 4©$gffllC&»A attO. 1—0. 9© 
<6HICS>»J» MiO. 9 — 0. 9 B<Dmz3bV* -ft 
Tz&2. 0 2 — 2. 3©|@fflicfesz:i:*W0*L 

v\ lit-, ±K©y«tt, ^»m^is©ffiT-fey, 

^l^ttlfelMlTf%»*J«Tt*JllV^ *£llttfb£* 50 



4#BB¥ 6 - 6 0 8 6 7 

12 

[0 0 3 2] *|feWJCfev\T±flB r iE^i?Sfe«^^?S 

w&(m&&.i*m&z>i tit, 

1. ^«7c*®«a*^*>-&*^*. *t 

2. lEH^KLiy Cob Vi_b O z fcftffiiSttKL 

i x Co q Vi-q Oj©#)T*te, y£x, b£q£J:tf 

?S^Ktt-en-€ f ti©^«^t:3l5 : cm{4A^^^<b-^& 
[0 0 3 3] *»«<Z>iE«»&MKtt. jB»&JHlfc{b4felC 
**Mb#WK: 'J ^ 9 A-f * > fcfp A1"£ U 5 1 V A 

[0 0 3 4] *»W©iE«g4WcD^fiWc|»U 

[0 0 3 5] *|g^©A<i?Sfe«BuSg^=fo, y* 

^e>ns^stifelb-^fe©-gisA^^ s&Brtsi&g 

T&ntfJ: < , ^Jx.« 250 — 2000 "CAW* L < , 
#(C3 5 0— 1 5 00-CAW* LVn„ #$gl8T*JBV\£>*l 

T*lt&M.tp&Z V M*SSH©1UH?/W Mill 

&>3o%j^±) , ^m<mx\i^Mfptb^\mm<^ 

h^fc-^SrS-^LT^Jt-rs^^, LiV03^Li3 
VO4 ^^tLTL^ej^il^fe^., 3©^IC, -stim 

[0036] ^mo^mma&mm^iEmmm. 

v\ y^^A-fb^^LTli, BBMb£& M 

lt«, 1 m~ 6 m<Dm®±mmvfa mm-^m^ 

[0 0 3 7] 2|s«^T«ffl-rSii:^-r*6»*L^U 
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a, Bmvrvj** mrnvrvi*. wmv+vu mm 

nmv+vu nijf^ mtvwu t*.ym 
y*-#A, hU7;u*p^*>^;i/*>au^«>A, eg 
a, i&itvrvu sutvrvu mtvrv&zmf 

[0 0 3 8] #*^TH!iM+S3fc*^g*#*U*Si 10 
#£0Wb£46fc LTtt, Ti0 2 > ^*>g?y^?A, 

T-fe^T-fe hi-h*#—M vauutmy. wmt?- 
*x mmr-x-j^y^—vu vod (d = 2~ 

2. 5 d = 2. 5fflfl:*«l4BaMly^S?9A) , V 

Od ©u^^A-fb^ft. jNRfb^ytfA. *#^y-^ 
uA-r*jyW.7y=z-*?b* **ywm/W-i?VM» * 
5=-?-A VuLmyy^—Vi*. ^DASfnA;i/K £ 

OA7tf;i/7tht-K Mn02 . Mn2 O3 , 7k 20 

mt-^ytfy. timnrytfy. rnm^y^y. m^y 
jfy, wm^yjsyry^-vu mmm^y^jy. m 
Wrryxy* &t>Wr7y*)'y. t&mmvytfy. i&t&m 
m?y$y. ttyyym^yfiy. mfr?y%y. W 
m^yiiy. m$c?y#y. t^yw^yny. mm^- 
y#y. aeiv>^x x-r-7 y >®ev>#>, mt 

y. -^yftyTttfryie. h±- k WtfWi (2, 3 

tiff) , QHSHbtt. TKSKbl* (2, 3 tiff) . J^-fb^ 
(2, 3tiff) , MitWi (2, 3« , (2, 3 30 

» , mm (2, 3flii) . nm&ry^-tj* (2. 

3-fiBO c 5Njg^ (2, 3M) mm (2, 3 A) > iftft 
Xim BSMfc (2, 3«) , *x>i&& 

(2, 3tiff) , t^ymftTye-QJ* (2, 3 flff) , 

mm (2. 3ffi) . vmmry^-vi* (2, 3 
tiff) > 

[0039] CoO, C02O3, C03O4, LiC 
0O2 s «»:x*;bk asa£14«fi*=iA;i/k *lMb=i 

A;i/K BSi®f=iA;i/h, ffiBfn^bk ES!H*:Wi/ 

k aifiBWfcaAn/ k ttisyym^JVih. ff&s 40 

A;i/K wm^Ajvh, mtesWK tfrfbs k 

Mtt (JStbT. mm. mm. fflmm. ***/7> 
m, mm. mm. nm. %m. ju& mm) , HWb-y 

*SHfc-^-?r;k t$m-vTM i&S&S&k-y 

it-ytr)V. 1Mb— ffit-ytrft. HUSt—vtr 
;k WK-«y-5r;u -v^VbT-fe^/bT-fe h^— k 
-(bin (1, 2fiis) % TkStftm aS^B, ffim 

tuwL t&itM ^ry^-^^m. jwbM. & 50 
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<tm MBtfli. Sift lit <^.A^H, **yi& 
it-*-?. SM.it-*7\ 3E.mt-*7\ -«Hfc-* 
^, rJMb-^-^ 3B?<b-^7; ^ 

^^h^ri/k -Tj-7'xhdri/k 
M0O3 , M0O2 , L iMo2 O4 , SM^'J^f 

;b7-fehy— wo 2 , wo 3 , *y#x<rym. * 
yfT.T-ymyy^-'OU zyy?. himry^-v 

[0040] *&mT*mmi-&zttfT'%z>fflz.&$. l 

**»&Mit-£Q)t. ITIl T i 0 2 , W&f-t—fr-r 
y^-V2^ VOd (d = 2~2. 5), VOd ©Vf 

">A-fb^tt. tZA-T-vymry*-*?^ MnOz. 
Mn 2 o 3 , ymit^yny, mc?y%y. ffigt?y 
iiy. misery i5y 7 y^-Vi*. wm*y#y* Wm 
■vytfy. vx.ym?yi$y. WtiWi (2, 3*) , eh 
siwb«c. nrnm (2, 3» , (2, 3 

ffl) . ^x>®E^ (2, 3» , ^x>^7>^-t7 
A (2, 3ffi) , (2, 3» , mmk7y*:- 

"5A (2, 3fflff) s CoO, C02 O3 , C03 O4 . 

LiCo0 2 > $m=vV\> k MiiM3A;i/ K, 7K 
IWfcn/^h, *Bfc="t;bk ffl|3;^h, »fb-v 

7NSHb-y>r;k im-vTM &mmm-v 

>r)i. %$m—y J r)i>. Wk—y^r'M fflk—v>r)W Wt 

nm (1. 2 , TKSf-fb^. g^m. t^ymm. u 

003, M0O2 , L1M02 O4 , WO2 , WO3 

[0 0 4 1] *%fflT'&im-tZ>Z.ttfT'£&!&lZ#f£L 

-fby^^A, TKSKby-^^A, wsfy^ 

^AiiVOd (d = 2~2. 5), VOd ©y^^A-fb 
^ ZAi-yy^Ty^—VL., Mn02 , Mn 2 
03 , *BMbv>#x »^>^x 8»7>^x 

SHUft (2, 3 tiff) > ESHflWbtt. TKBfHt^ (2, 3 

tin) m%m (2, 3tiff) , t^ymm (2. 3tis) , 9 
x^^t^^xoa (2, 3tiff) , mm (2. 3 
tin) , mmyy^t-'Ok. (2, 3m) . coo, co 

2 03, C 03 04, LiCo02, #cg?n Jg 
»4K»3/<;bN, *BHb:xtf;i/k 5g 
SEnAObh, ^bx-y/r;k 7KBWb-f-ir;u WK-y 

;u BfSE— M0O3, M0O2, LiMo 2 o 

4 , wo 3 zmfz>z.£tf-e&g>. 

[0042] v*vMt'£^m&&mit&®<Dmz. 

(ffllAii. #a*;i/2/9A, Jfifb*;i/i/">A, iwb*;i/ 
i/^A. iffl8*;i/i/«>A, ?ggtfj;bS/?A, ^x>n* 



(9) 
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8Wbb;i/Sx*A) P, B, Si& 

*tfJ:e>fc#l*»gJ5JaRl («*.«. P 2 0 5< Li 3 P 
0 4 , H 3 B0 3 , Si0 2 *Z) nm^LTirnvx 

>feJ:t>V*fc{iS ru Al, Ga, Ge, Ce, I 

m. amm. mm. wmm.&& Em&vxffij&L 

TtlV^. fc^Tt), ^^l/^A&SWj^ o 5 

o. 2~io=e;b%AW*l^. io 
[0 0 4 3] *^Tftv^jES@3M^f?gtt^ 
iP4o¥±aia-?^-^X«#{c|5S^Stt5fc^^ 0. 0 3- 
5 o iLmtm$.i>*i\ Wfeoyftfr*M x\z-f SfCtt, & 

SW. jK-^jk iSNf-;i/$;k if;M*'-;i/^,>k 

So 

[0 0 4 4] _hf B$y&2 tlT» <b tlfe-fb-^JCCKb^ 

ajsj&ate LTmmzis^x-? (i cp) ifetd 

[004 5] _LfBtf)«i:-MCL.T*#e>n£, #?&l?§T*ffi^ 

^m^tcu^^A^MSrwaib^v^b^fT-fes. m-o 

X. *9B$<Z>tti?g4tftl*. iJ^A^^Jgftfcm 

[0 0 4 6] *fW®i*«JS««tt^K:«fflT?**tm 
tLTte, U^A£M, 'JfW^tAl, Al- 
Mn DKH^H4, 8 2 0, 599f), A 1 — M g 

(4fBBB85 7-9 8 9 7 , A 1 - S n 

BB6 3-6 7 4 2-§-<&j$) , Al-In, Al-Cd 

mm*i - 14457 3^$g) t^a^i^-oMif 

<ftBBBB 58-209864 4$M 
Bg6 1 - 2 1 4 4 1 7*&«. #F^0§6 2-8 8 2 6 9 
4$MB8 6 2-2 1 6 1 7 0 tyjm* 4fMBS 6 3 
- 1 3 2 8 2^$g, 4$BBBB6 3-24 55 5#^fg, 
#WJBB6 3- 1 2 1 24 mim. #MBS6 3-121 
2 5 7-5488. 49BBBS6 3-1 5 5 5 6 8^&SL 
BS63-27687 3^$g, #ggBg6 3-3 1 4 82 

1 mm, %m%: 1 - 2 0 4 3 6 1 #&$g, 4$m¥ 2 _ 

2 2 1 8 5 ftM¥l- 2 7 4 3 6 0#4£g& 
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[004 73 nm^mizit. mm^nmm-^y^^- 

mz&^x. \mmc z&z <* & v ^m?jm-mmx& 
mmx^^\ mn. ^mm wvum* mm^m 

M (ffi. -v>T)W 7;i/^-^A, «S (#§Pg6 3-l 
4 8 5 5 4*4*8) tAhl », ^JWWt*SV^isKU7 
1- (4#§BB8 59-20971 ^fg) 

^smtt^s: im&tz.i*z.tit><Dm£®£ Lx^^t 

~ 5 0fiJ|%*W* L < . #tC 2 ~3 0M*%#jf * b 

v\ *-sK>-f>«fi&T?»4. 2 - 1 5mm%fmiz&£ l 
[0048] %am}£hxit. mm. fmm&ffiszx. 
mm^zztftx-gz. HftL^mtLxit. n/»& 

^7-fe5 L ;b-fe;bp -7, jKu d 'j k» tf- 

-^Bfl/>-i;i>^-dfU7- (EPDM) , 7>;i/ 
*>-fbEPDM, ^L/>7"^^x>rfA, d<U^b 

VS/7*- hlfi® J:^«:ib^*«:»cflDLT* (ZXeffiatfe 
1 ~ 5 0MA%mJ£ L <, #lc 2 

»cfev nt. -fb^-fb^^Bi s^vN»Mm^T*fen«^ 
n& k ^\ o~3o mM%mj& l ^ n„ 

[0 0 4 9] «SF9C^ -jRtc ^ii, -e©^«tc^ 
#PtS'J^Af£ (7-^>t'J5 1 t7A^^-» 

fD7^h>. ¥®E^-?;k WB&f-M 1. 2-^ 

tKD75>, yjl*-/b^A**£/K. 1, 3-^^ 
*;i/A7^ K, i/')(f;b*M75 K, V** 
7-feh-hl>;k -Kd^#>, x^^y^* 
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A. 'J >^ h 'Jl^f;i/ («MB86 0-23 9 7 3 
■f^*) , h'J* h=^>**> (49NBB6 1-4170 
#^$B) , ^*V5>«K»# OftSBHBS 2 - 1 5 7 7 
1 WiM. ftfflBB 6 2-223 7 2«£jflL ffMBS 6 2 
- 1 0 8 4 7 4-&4fc$g) . (2ffiSBH6 2-3 

1 9 5 9#4£B) . 3 2 -*^»/U i>V > 
«$HBB6 2-4 4 9 6 1 *4WR) , ^D^U^A-sK 

*-MHW* (WPPB6 2-2 9 0.0 6 9-94»l. 136 
2-2 9 0 0 7.1 -ggflD „ fh7tKD77>gPSfl: 

3-3 28 7 2-§-^$g) , x^;bx-^;b 10 
(43BWB6 3-62 1 6 B-9£#D .1.3 ~^DA> 
h > OfSWWB 6 3-1 02 1 73 

#"f$y*?A*©***:/i:L-ctt, mii. cio 

4 - , B F4 - , P F6 " , C F 3 S 0 3 - . C F 3 C 

0 2 " > A s F 6 " , S b F6 - s (C F3 S 02 ) 2 
N- , Bi 0 C 1 io 2_ (4fMQ5 7-74974 

W s (1, 2-Whdri/X^!» 2 C10 4 - (# 
MS 5 7 - 7 4 9 7 , <BS»B!IB!aS*;Hi?>ifc 20 

<<*y (WHPB6 0-4 1 7 7 3-5J238) , A 1 C 1 4 
CI", Br", I" (4fflBBB60-24 72 6 5 

- 1 6 5 9 5 i^'jm) , m7x.—?vfcvm-4*y m 

HflBg 61—21437 6^fg) 

:K-htl, 2-^ h^i/x^>feJ:t>Vfe.5^li^ 
x^;kfc - stf* - h C0?M-&M{C LiCF 3 SO3, Li 
CIO4, LiBF 4 j3il>'/fe|>l\ttLiPF6 30 

too5o] ine>«siH*:«««fcac6irrsjii4, # 
^s>5v^^ix^^'>*^- htti, 2-s/'* h^>x* 

>£<fc l>*/&£ ^ > i^x^;u* - - h ©*I-£«tf)J§ 
•£\ 0. 4/0. 6~0. 6/0. 4 (1, 2-S/*h 
=5f:>x# >fc*>:r*-;i/jb-3tf*- h £Mffi-t3£i£<Z)*g 
£Jfc*l±0. 4/0. 6~0. 6/0. 4) mj£L 40 

l'J'yb 'jo. 2-3 ^ U v 

[0051] m^Motetc^o^^gftm^K^ 

ftJ^tlTV^,, &3^T%k L i 3 N s Li I, L i 5 N 
l2> Li 3 N-Li I-LiOH. L i S i O4 , L 
i S i O4 -Lil-LiOH (49MBS4 9-8189 
9^$S) . xLi 3 PO4 - (1-x) Li4 SiO 50 
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4 ($#PjgBg5 9 - 6 0 8 6 6-5^$g) , L i 2 S i S 3 
«5H« 6 0-5 0 1 7 3 1 #4i#B) , SMfcU 
(4#PffBg6 2-8 2 66 5#^#) fc£#;&afrT*<fc£. 
[0 0 5 2] «l!Ha#ttJ!g$r?Uu aXUx*-i/>*-*if- 
-f KS^#R»NW££tfsKy (4#ffiBS6 3 - 1 
3 54 4 m<km) , sKU^Dtru^dp-tJ'-f Fg§s£# 

JKU V- (#g|BS 62-254302 -5§-&?g, 4$SBBB 6 

2- 2 54 3 0 3^, #^HS6 3- 1 9 3 9 54# 

. >f*>*BiaS&*tf#yv-£±ie#^nh> 
•|4«ftlMcDS-^l (3KBHf««^4 , 7 9 2, 5 0 4, 
?R|Itf#B*#-f§-4, 8 3 0, 9 3 9, #H§Bg6 2-223 
7 5 4#P^Bg 62-22376 #&$g, WMH 6 

3- 223 7 5fl^a, 4f§BB86 3-2277 6^ 

% wmri 1-9511 m^m . u >iixfM 

U V- (#^Bg6 1-2 5 6 5 7 3^<2i$g) , h 

BBWW**4, 8 2 2, 7 0f, ^KHitffF#^4, 8 3 
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